Structural requirements for N-trimethylation of lysine 115 of calmodulin.
Calmodulin is trimethylated at lysine 115 by a highly specific methyltransferase that utilizes S-adenosylmethionine as a co-substrate. Lysine 115 is found within a highly conserved six-amino acid loop (LGEKLT) that forms a 90 degrees turn between EF-hand III and EF-hand IV in the carboxyl-terminal lobe. In the present work a mutagenesis approach was used to investigate the structural features of the carboxyl-terminal lobe that lead to the specificity of calmodulin methylation. Three structural regions within the carboxyl-terminal lobe appear to be involved in methyltransferase recognition: the highly conserved six-amino acid loop-turn region that contains lysine 115 as well as the adjacent alpha-helices (helix 6 and helix 7) from EF-hands III and IV. Site-directed mutagenesis of residues in the loop show that three residues, glycine 113, glutamate 114, and leucine 116 are essential for methylation. In addition, subdomain (individual helix or Ca(2+) binding loop) exchange mutants show that the substitutions of either helix 6 (EF-hand III) with helix 2 (EF-hand I) or helix 7 (EF-hand IV) with helix 3 (EF-hand II) compromises methylation. Charge-to-alanine mutations in helix 7 show that substitution of conserved charged residues at positions 118, 120, 122, 126, and 127 reduced lysine 115 methylation rates, suggesting possible electrostatic interactions between this helix and the methyltransferase. Single substitutions in helix 6 did not affect calmodulin methylation, suggesting this region may play a more indirect role in stabilizing the conformation of the methyltransferase recognition sequence.